Abstract: Policies for promoting the in situ conservation of underutilized crop varieties include the provision of economic incentives to farmers for their market commercialization. Nevertheless, market participation could also have the counter-effect of favoring the cultivation of uniform commercial crop varieties and inducing the erosion of crop genetic diversity. The objective of this research was to identify the determinants of the in situ conservation of native chili varieties, including market participation. To this end, 128 farmers were surveyed in the Amazon rainforest region of Ucayali in Peru. The data were analyzed using probit, multinomial logit and truncated Poisson models with covariance matrix correction for cluster errors by rural community. Results suggest that participation in commercial agriculture statistically significantly increases the in situ conservation of native chili varieties; only when farmers sell their products to local retailers, but not when they supply wholesalers. In particular, this result implies that policies designed to encourage specific forms of market participation could have a positive effect on farmers' economic well-being and simultaneously could help to achieve crop genetic diversity conservation goals.
Introduction
Peru is one of the world's centers of diversity for native chilies (Capsicum spp.) [1, 2] . Many varieties of this crop are underutilized and under the threat of extinction, mainly due to the lack of OPEN ACCESS economic incentives for local farmers for their continued cultivation [1] . However, the conservation of crop diversity is of extreme importance to the overall society. Crop diversity is the cornerstone of long-term food security, as it provides the genetic raw material, enabling crops to adapt to changing environmental conditions, including evolving pests and climate change [3] . Crops provide diverse nutrients and substances with therapeutic properties; whereas native chili varieties are rich in vitamins, antioxidants and capsaicin, a component used for medicinal applications [4] . The conservation of crop diversity worldwide is the basis of our food supply and our survival [5] . Market-based conservation approaches, including participation in commercial agriculture, have gained significant popularity as in situ (or in place of origin) crop conservation strategies [6] . These strategies assume that because crop diversity is insufficiently valuable for local farmers to protect, one must seek to create novel or expanded markets in order to induce conservation [6] . On the other hand, there is also the fear that increased market participation in the long run could favor the replacement of traditional subsistence farming practices with more uniform agricultural practices [3] . When farmers have access to markets, they tend to progressively specialize and replace their diverse set of landraces with a few high yielding modern varieties that could provide them with higher incomes [5] . In situ conservation of crop diversity directly depends on the local farmers' decisions to continue cultivating diverse crop varieties within the boundaries of the agricultural ecosystems. In the latter, the crops evolved due to natural and human selection processes [7] . Nevertheless, it is still unclear how to support farmers' efforts to maintain crop diversity on their farms [5, 8, 9] .
The objective of this research was to identify the potential factors influencing the in situ conservation of the diversity of native chili varieties, including market participation through crop sales, by local farmers. To this end, 128 farmers were surveyed in the Amazon rainforest region of Ucayali in Peru in 2010, and the data were analyzed using a probit model for the decision to cultivate native chilies and a truncated Poisson model for the decision on the number of native chilies (both models were calculated with covariance matrix correction for cluster errors by rural community). This creates a specification that relaxes the assumption that the "zeros" and the "positives" come from the same data-generating process [10] . As such, this econometric specification allows for the obtaining of different estimates for the decision to cultivate native chilies and the decision on the number of native chilies to cultivate, when these two decisions are expected to be influenced differently by the covariates or explanatory variables. Previous studies on crop diversity have used similar econometric approach (e.g., see [11] ). In addition, a multinomial logit model was conducted to evaluate the determinants for specific forms of market participation (non-market participation, market sales to wholesalers or market sales to retailers).
Following [3] , the sustainable livelihood approach (SLA) was used as a framework in this research to identify the potential determinants of farmers' crop diversity conservation. SLA is a multiple capital approach in which sustainability is considered in terms of available natural, human, social, physical and financial capital [12] , as shown in Figure 1 . In particular, the SLA helps to emphasize the capabilities of the rural poor [3] . Source: [12] .
One critique of SLA is that the precise elements to consider within each type of capital remain undefined and context specific [12] . Specific variables within each type of capital, which were examined in the context of this research, are included in Figure 2 . The classification of some of these variables under one or another type of capital was based on convenience, because some factors could influence different types of capital (e.g., plot location is related to community facilities (physical capital), but also to community ecosystem characteristics (natural capital)) at the same time. A brief description of the five types of capital, as well as the expected sign of the variables considered in this research, is included below:
 Human capital represents "the skills, knowledge, ability to labor and good health that together enable people to pursue different livelihood strategies" [13] . Factors considered in this type of capital include: years of formal education, experience as a farmer, receiving technical support from governmental or non-governmental agencies, the number of members of the family providing farm labor, age and gender ( Figure 1 ). According to [3] , formal education and access to technical support could increase the opportunity costs of in situ crop conservation; as such, more educated farmers are expected to preserve a lower number of crop varieties. In addition, age and years of experience [14] as a farmer may be positively associated with crop diversity conservation [15] , because older farmers with more experience could have the required knowhow to cultivate a larger number of crop varieties. Family labor has been empirically positively correlated with crop diversity conservation (e.g., [16] ), given that cultivating more varieties could be more labor intensive than cultivating less varieties [16] . Female farmers are typically paid lower wages than counterparts. As a result, their opportunity costs of crop diversity conservation are lower [3] , and they are expected to preserve a higher number of crop varieties.  Social capital represents "the social resources upon which people draw in pursuit of their livelihood objectives" [13] . They are developed through networks and connectedness, membership of more formalized groups, relationships of trust, reciprocity and exchanges. Different measures of social capital are expected to affect crop diversity conservation differently, and previous research has indicated mixed results [3] . Variables considered in this type of capital include: a proxy of social connection (radio ownership) and trust in authorities ( Figure 1 ). It is expected that these variables have a positive influence on crop diversity conservation. Similar measures of social capital, e.g., "linking" social capital, statistically significantly increased in situ crop diversity conservation in Ethiopia [17] .  Natural capital represents "the natural resource stocks from which resource flows and services useful for livelihoods are derived" [13] . Factors considered within this type of capital include: total plot area, soil quality, access to a source of irrigation and the number of heads of cattle ( Figure 1 ). Larger total plot area, better soil quality and access to a source of irrigation are expected to have a positive influence on crop diversity, because they facilitate crop production [3] . The number of heads of cattle is expected to have a negative influence on crop diversity, as it could diverge farmer attention to other non-crop related farming activities.  Physical capital comprises the basic infrastructure (e.g., changes to the physical environment that help people to meet their basic needs and to be more productive) and the producer goods (e.g., tools and equipment that people use to function more productively) needed to support livelihoods [13] . Variables considered in this type of capital include the distance to markets and plot location ( Figure 1 ). Larger distance to markets indicates that farmers face higher transaction costs and, therefore, tend to participate less in the market and have more crop diversity to guarantee self-provisioning [18] . Plot location has an ambiguous effect, based on the infrastructure characteristics and other facilities available in the particular community where the agricultural plot is located. For example, better infrastructure in the community (e.g., roads) would decrease transaction costs, which could decrease the need for self-provisioning and, in turn, decrease in situ crop diversity conservation [18] . On the contrary, the availability of health services in the community could have a positive effect on crop diversity conservation (by increasing labor productivity).  Financial capital represents the financial resources that people use to achieve their livelihood objectives, including available stocks and regular inflows of money [13] . Factors considered in this type of capital include access to credit and off-farm activities ( Figure 1 ). Access to credit is expected to have a negative effect on crop diversity, because it can favor the ability to purchase more uniform crop seeds. Furthermore, off-farm activities are expected to have a negative effect on crop diversity, because maintaining crop diversity is labor intensive [15] .
Previous research has suggested that factors, such as market participation with other crops, e.g., by selling bananas in Uganda, has a positive effect on the in situ conservation of this crop's diversity [15] ; while participation in maize markets had a negative effect on maize diversity cultivated by farmers in Guatemala [3] . Including two simultaneous or endogenous decisions in a regression generates biased results. Endogeneity in this context refers to either simultaneity or unclear causality. For example, farmers may cultivate more varieties because there is market demand for those varieties, but the market demand is, in turn, affected by the number of varieties offered/supplied by the farmers in the market (for more information about the effects of endogeneity, see [19] ). Therefore, the effect of market participation through commercial agriculture has not been properly evaluated in previous studies. In this research, market participation does not relate to chili sales to avoid endogeneity/simultaneity in the econometric regressions. Market participation relates to the sales of other agricultural products by farmers, mainly oranges, yucca and maize.
Research Area Description and Survey Conduction
There are five domesticated species of native chilies (Capsicum annuum, Capsicum frutescens, Capsicum chinense, Capsicum baccatum and Capsicum pubescens) worldwide. Peru is one of the few countries where these five species are still grown. However, the total number of native chili varieties (within species) cultivated in this country is unknown, and a full characterization and evaluation of those varieties have not been performed to date [20] . The geographical location of the five domesticated species and an unknown number of varieties in Peru expands to the coast, mountain range and Amazon rainforest. The department of Ucayali was selected for conducting this study because the Instituto Nacional de Innovación Agraria (INIA), a public research center responsible for the design and execution of the national strategy for agricultural innovation, has one of the most unique collections of native chilies accessions in Peru and had indicated that individual farmers located in this Amazonian region cultivate diverse varieties of native chilies. A face-to-face survey was conducted with randomly sampled farmers inside four rural communities, as indicated in Table 1 . Farmers were surveyed inside their agricultural plots. When the farmer was not available at the time of the survey, the interviewer visited the next closest agricultural plot inside the same community. The questionnaire included questions about human, natural, physical, financial and social capital characteristics, as well as factors related to market participation and other socio-economic aspects. The approximate number of famers located in the communities is 725 (the approximation is based on the data from [21] ). Therefore, the sample included 18% of the farmers within those communities.
Econometric Models and Results

Econometric Models
Probit Model
The decision to cultivate native chilies (Y) could have two values: Y = 0, when the individual farmer (i) decides not to cultivate native chilies; or Y = 1, when the farmer decides to cultivate native chilies. Following [19] , the probability (Prob) that a farmer cultivated native chilies (Y), given a set of explanatory variables (X) is:
where X includes human, natural, financial, physical, social and market variables, as indicated in Figure 2 , and β i corresponds to the parameter estimates, the average values of which are calculated by the regression.
(Truncated) Poisson Model
The number of native chili varieties cultivated by individual farmer is a nonnegative integer, or count, denoted by z, z ∈ N = {0,1,2,…,}. Following [10] , because the response variable is discrete, its probability mass is placed on nonnegative integer values only. Therefore, the number of occurrences of the event, y, over a fixed exposure period has the probability mass function: (2) where (
The Poisson model tries to explain as a function of a set of explanatory variables, X. The most common formulation of is the exponential function:
The log of Equation (4) 
where human, natural, financial, physical, social and market comprises the group of variables included in each type of capital, as indicated in Figure 2 .
The Poisson model was truncated at one (to avoid evaluating the decision of whether to grow native chilies or not again, which was analyzed using the probit model, as indicated in Section 3.1.1), and the predicted values of the inverse Mills ratio (IMR) obtained from the probit model were used as an additional variable in the Poisson model to correct for the effect of the truncation, as indicated in [22] .
Multinomial Logit Model
The multinomial logit model is an extension of the probit model. Here, the outcome of interest (Y) is one of m alternatives, where Y is the individual farmer market-related decision, and m can take the values of 0 = non-market participation, 1 = sales to wholesalers or 2 = sales to retailers. The order of the m values is trivial in this type of model.
Following [20] , the probability (Prob) that a farmer (i) decides for option j = 0,1,2, given a set of explanatory variables (X) is:
Descriptive Statistics
About 77% of the sample population cultivated native chili varieties (Table 2) . Farmers cultivated up to four different varieties with an average of 1.44 (Table 2) . Only one farmer indicated that he cultivates 13 native chili varieties (Figure 2 ). This farmer was an outlier and was eliminated from subsequent statistical and econometric analyses. The main native varieties cultivated are aji charapita, aji dulce, aji pucunucho, aji ayuyo and aji pinchito de mono (Figure 3 ). Those varieties are likely to belong to the species Capsicum chinense; but unfortunately, it was not possible to identify their full scientific names. It is worth mentioning that all the native chili plants cultivated in the research area are from varieties of farm-saved seeds. There is no commercialization of native chili seeds in the research area. Opinion about soil quality (from 1 = really bad quality to 5 = really good quality) Farmers were, on average, 47 years old, with seven years of formal education and 27 years of farming experience. About 68% of the farmers were males, with an average of three additional family members in their households. In addition, 36% indicated that they received technical support during the previous year (2009), 22% mentioned that they had access to credit and 24% had access to a source of irrigation. The average total agricultural area was 189,794 m 2 , with about three heads of cattle per household. Farmers considered that soil quality was, on average, 3.6 on a scale from one to five, where one represents "really bad" and five "really good". About 28% of farmers performed other economic activities besides agriculture, and 18 and 55% participated in commercial agriculture by selling products to wholesalers or retailers, respectively. The average travel time to the closest market was 65 minutes. In relation to social capital, farmers indicated, on average, that they trust local authorities (a value of 2.5 on a scale from one to three, where 1 = I do not trust, 2 = more or less and 3= I trust authorities), while 71% of the farmers indicated they owned a radio (a proxy of social connectivity, because most of the radio programs deal with local problems and issues). About 36, 27, 27 and 10% of farmers had their agricultural plots located in Manantay, Campo Verde, Yarinacocha and Calleria communities, respectively.
Econometric Model Results
The results of the determinants of native chili cultivation and the number of native chili varieties cultivated by farmers in their agricultural plots are indicated in Table 3 . Table 3 . Determinants of native chili cultivation and the number of native chili varieties. a The model was estimated using a covariance matrix correction for cluster errors by rural community, as indicated in [23] ; b a likelihood ratio test based on Poisson and negative binomial distributions was used to test for over dispersion. The null hypothesis of over dispersion was rejected; standard errors are in parenthesis. Significant at *** 0.01; ** 0.05; * 0.1.
The results suggest that older farmers, with more education, who receive technical support, have smaller total agricultural areas, have access to a source of irrigation and credit, who do not perform other economic activities, have higher social connectivity, whose plots are located in Campo Verde or Manantay in contrast to Yarinacocha (the omitted variable in the regression to avoid singularity problems) and participate in commercial agriculture by supplying either retailers or wholesalers, but are not close to the market place, are more likely to cultivate native chilies.
On the other hand, farmers who receive technical support, have larger family size, do not perform other agricultural activities, sell agricultural product to retailers and whose plots are located in Calleria in contrast to Yarinacocha are more likely to cultivate a larger number of native chili varieties. The empirical evidence thus suggests that policies promoting farmers' market participation through the retailer channel may help to increase in situ conservation of native capsicum varieties.
The results of the determinants of the decision to participate in commercial agriculture (non-market participation, market sales to wholesalers and market sales to retailers) are presented in Table 4 . Number of observations 126 a The model was estimated using a covariance matrix correction for cluster errors by rural community, as indicated in [23] ; b a Hausman test was used to test for the independence of irrelevant alternatives (iia)
assumption. The null hypothesis failed to be rejected. (The alternatives are independent.); c a more accurate econometric specification for this type of decision would have been a probit model with sample selection (i.e., the decision to supply either retailers or wholesalers, conditional on the decision to participate in the market). However, there was no evidence of sample selection in the data; based on the fact that the errors between the two decisions were not correlated (Rho was not statistically significant). Elasticities are in parenthesis. Significant at *** 0.01; ** 0.05; * 0.1.
The results particularly suggest that farmers who are more educated, have access to irrigation and have higher social connectivity are more likely to supply retailers. These results concur with previous studies and literature reviews suggesting that education, access to irrigation and social connectivity have a positive statistically significant effect on farmers' market sales (e.g., [24, 25] ). This could be related to improved farm productivity (due to the better education of the farmers and access to irrigation) and the higher number of the farmers' acquaintances (due to higher social connectivity), which might facilitate a group of farmers to directly offer a relatively high volume of their products to retailers they personally know (probably through one of their acquaintances). In general, policies to promote sales to retailers through increasing any of the statistically significant variables indicated above would result in a positive impact on native chili in situ conservation (given that sales to retailers positively influence native chili conservation).
Discussions and Conclusions
This straightforward evaluation of only one type of crop diversity index (the number of native chili varieties) has provided empirical evidence that human capital in the form of technical support would increase crop diversity conservation. This result was not expected given that technical support increases the opportunity costs of in situ conservation, as indicated by [3] . However, technical support in this particular area is currently oriented toward promoting participatory guarantee systems (PGS) in organic agriculture (in contrast to traditional third-party organic certification schemes, PGS is mainly based on trust between sellers and buyers [26] ). Organic agriculture tends to increase the number of crop varieties cultivated by farmers, because it usually operates with a more diverse crop rotation [27] . Family labor and not performing other economic activities also favored crop diversity conservation, which can be related to the fact that cultivating diverse varieties requires large labor investments in contrast to not doing so, as suggested by [16] . On the other hand, natural capital measured by total area, soil quality, access to a source of irrigation and head of cattle did not statistically significantly influence the number of native chili varieties cultivated by farmers. Sales of agricultural products to retailers statistically significantly increased native chili conservation. This could be related to increased income from crop sales, which allow farmers to invest more time in in situ conservation, and also to a more diverse demand for different products from retailers in relation to wholesalers. In this sense, retailers are in direct contact with consumers and are more oriented toward supplying them specific niche products, in contrast to wholesalers, who tend to supply more uniform products [28] . Nevertheless, as stated by [3] , markets are economic institutions, which shape and are shaped by social processes. As such, the impact of market participation is contingent upon the social context in which it operates. Therefore, the results may be different under different contexts (e.g., in another region with a more intensified, higher input agriculture), and more research is needed to clarify the impact of market participation on in situ crop diversity. In general, the results of this case study suggest that policies designed to encourage commercial agriculture through sales to retailers could have a positive effect on farmers' economic well-being and, at the same time, could help to achieve crop genetic diversity conservation goals. In addition, sales to retailers could be encouraged by improving education, access to irrigation and promoting higher social connectivity.
